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The  sGdimsntation  siiTYej  of  Lake  Lee  was  made  as  part  of  a 
Nation-TYide  study  of  rates  and  causes  of  reservoir  siltin2;j,  especi- 
ally as  influenced  by  soil  erosion  and  land  use. 

Lake  Lee,  the  municipal  vrater  supply  for  i.'onroe,  N,  C.^  is 
a  channel-t37)e  821-acre-f oot  reservoir  on  Richardson  Creek,  a  minor 
tributary  of  the  Peedee  River,    The  50.5  square-mile  drainage  basin 
of  Lake  Lee  lies  in  the  Piedmont  upland  and  is  chara(.cterized  by 
gently  rolling  topography  and  silt-loam  soils  developed  on  slate 
2nd  associated  volcanic  rocks.    The  area  is  now  undergoing  slight 
to  moderate  sh.oet  erosion  and  some  minor  gullying.    About  45  per- 
cent of  the  area  is  cropland,  9  percent  is  open  pasture,  and  46 
percent  is  woodland  of  which  one-fifth  is  pastured.    The  princips-l 
crops  a.rc  sm:all  grains,  lespcdcza,  cotton,  and  corn.    L"ost  of  the 
land  has  probably  been  cultivated  during  one  of  more  periods  within 
the  lest  200  years. 

Most  of  the  reservoir  sedim.ent  is  fine  silt  and  clay,  there 
being  but  ].ittle  increase  in  grain  size  toward  the  heads  of  the  two 
main  arms.    Absence  of  delta  deposits  indicates  the  lack  of  sources 
of  coarse-grained  sediinent  in  the  drainage  area.    Laboratory  stud- 
ies of  elzht  samples  of  resen^oir  sedLment  showed  a^rerage  m.edian 
dia'jneters  of  3  to  8  m.icrons  and  an  average  dry  wei  iit  of  62  nounds 
per  cubic  foot.    The  average  sedimient  thickness  in  the  reservoir 
from  the  dam  to  points  about  a  half  mile  below  the  resnective  heads 
of  bacle/.J'at'-r  is  about  2  feet.    An  attempt  is  made  to  correlate  the 
sedJjn6:nt  distribution  with  miderr^low  of  sedijnent-laden  ivaters,  an 
occurrence  of  Yfhich  v.^as  observed  during  the  survej-^    The  greater 
part  cf  the  sediment  has  probably  originated  from,  sheet  erosion  of 
the  cultivated  upland,  but  an  appreciable  amount  may  be  derived, 
from  gullying  associated  with  abandoned,   or  in  some  cases  recent, 
roaclviTays . 

The  survey  revealed  that  169  acre-feet  (272,653  cubic  yards) 
of  sediment  had  accum.ulated  in  the  reservoir  at  an  average  rate  oi 
about  20.6  cubic  feet  annua.lly  per  acre  of  drainage  area,  entailing 
an  annual  storage  loss  of  1.S5  percent,  or  a  total  of  20.6  percent 
to  the  date  of  this  survey.    Strikingly  different  rates  of  sed^imcnt 
.accujjiulation  in  the  two  arms  of  the  reservoir  were  revealed.  An 
attempt  is  made  to  correlate  this  difference  with  characteristics 
of  the  drainage  area  and  reservoir. 
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The  extremely  hi'^li  rate  of  silting  revealed  by  the  survey 
points  to  an  urgent  n^.cd  for  application  of  proper  soil-cons irving 
measures  on  agricultural  land  in  the  drainage  area  as  well  as  some 
measure  of  treatment  on  modern  and  abandoned  roadviays.  Proper 
planning  for  a  program  of  sediment  control  could  best  be  carried 
out  in  cooperation  Y/ith  the  Brovm  Creek  Soil  Conservation  District. 

INTROIUCTIOF 


This  report  is  one  of  a  series  of  advance  reports  on  sedi- 
mentation surveys  of  reservoirs  throughout  the  United  States,  made 
by  the  Reservoir  Section  of  the  Sedimentation  Division,  Soil  Con- 
servation Service,    Each  reservoir  survey  is  a  part  of  a  Nation-wide 
study  of  the  condition  of  American  reservoirs  'j;ith  respect  to  stor- 
age reduction  by  sedimentation.    The  ultimate  objective  of  these 
studies  is  to  determine  rates  and  causes  of  reservoir  sedimentation, 
in  order  to  derive  a  practical  index  to  (l)  the  useful- life  expect- 
ancy of  existing  or  contemplated  reservoirs,  and  (2)  differences 
and  changes  in  regional  erosion  conditions  as  influenced  both  by 
natural  factors  and  by  land  use. 

The  survey  of  Lake  Lee  was  made  during  the  period  May  23  to 
June  14,  193s •    The  survey  party  consisted  of  Leland  H.  Barnes, 
chief  of  party,  IvSark  P.  Connaughton,  party  geologist,  Alvin  T. 
Talley,  and  Joseph  I'eisler.    Jack  L,  Hough  assisted  during  part  of 
the  survey.    Preliminary  data  were  secured  and  arrangemients  for  the 
survey  made  by  Alexis  M.  Garin,  of  the  Conservation  Economics  Divi- 
sion, and  Ca.rl  B.  Brown,  of  the  Reservoir  Section,  Sedimentation 
Division.    Studies  of  the  lake  sediments  and  an  inspection  of  the 
drainage  area  vrere  made  by  the  writers.    Memibers  of  the  staff  of 
the  Soil  Conservation  Service  C.C.C.  camp  NC-I6  at  Monroe  gave  val- 
uable assistance  in  the  compilation  of  data  on  the  drainage  area. 

Volmne-weight  determinations  of  the  sediment  samples  were 
made  by  Jack  L.  Hough  in  the  laboratories  of  the  city  filtration 
plant  at  High  Point,  N.  C.    Laboratory  facilities  were  made  avail- 
able through  the  courtesy  of  the  city  of  High  Point. 

Mechanical  analyses  of  the  sediment  samples  and  of  several 
representative  soil  samples  were  made  by  Richard  G.  Grassy  in  the 
laboratory  of  the  Sedii/i^ntation  Division  at  Greenville,  S.  C. 

The  cooperation  and  assistance  of  the  Monroe  city  officials, 
particularly  yV.  L.  Burdette,  city  manager,  and  Geo.  W.  Tucker, 
superintendc-nt  of  the  water  end  light  department,  greatly  facili- 
tated the  survey.    Office  space,  materials  needed  in  the  setting  of 
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perniarent  survey  Fiarkers,  and  ini.ori,iation  on  the  construction  and 
cost  of  the  reservoir  vrere  supplied  by  the  city,    Robert  Brovming, 
in  charge  of  the  filter  plant,  and  Henry  Leyers,   operator  oi  boat- 
ing and  fishing  concessions  on  Lake  Lee,  furnished  much  valuable 
inforiration  and  cooperation. 

G.  W,  Forester,  head  of  the  Department  of  Iconomics  and 
Rural  Sociology  of  the  University  of  North  Carolina,  advised  and 
aided  in  economic  studies  related  to  the  various  reservoir-silting 
investigations  carried  out  in  North  Carolina  during  the  spring  of 
193B. 

GENERAL  INPORMA.TI0N 

Location (fig.  l)  : 

State ;    North  Carolina, 
County :    Uni  on . 

Distance  and  direction  from  nearest  city;    The  dam  is  2  miles 
east  of  r  onroe,  j:.  C. 

Draina.9;e  and  baclo^^ater;    Richardson  Creek,  I'vi'iich  iIoyjs  \U  1/2 
miles  ncrtlisastvfard  fromL  the  da::-  to  join  the  Rocky 
River,  a  tributary  of  the  Peedee. 

Ovrnership :     City  of  Ifonroe. 

Purposes  served;     (l)    Municipal  water  supply:   (2)  recreation. 

Description  of  dam. 

The  dam  is  a  gxavity-t^/pe,  concrete  structure  v/ith  an  over- 
all length  of  450  feet,  and  a  maximum  height  cf  30.5  feet  above  the 
stream,  bed.    The  spillvray  section  is  4.20  feet  lon^  and  22.5  feet 
above  the  stream  bed,  or  4&9.90  fe^t  above  sea  level.-    The  up- 
streaiTi  face  has  a  1:1  slope,  and  the  dovmstream.  face  of  the  spill- 
T.'ay  has  an"  ogee  section. 


-^-Determined  by  a  level  traverse  from.  United  States  Coast  k  Geo- 
detic Survey  bench  m.ark  No.  074-19355  located  on  the  hi^h^my  bridge 
over  Richardson  Creek  a  short  distance  below  the  dam.    An  assumed 
elevation  of  100  feet  was  used  in  the  survey  of  the  lake. 
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An  outlet,  3^  inches  in  diameter,  controlled  by  a  "blew*oj.f" 
valve,  is  located  in  the  base  of  the  dam  near  the  deepest  part  of. 
the  original  stream  channel.    This  valve  is  opened  during  abnormal 
flood  flows  in  an  attempt  to  scour  out  sediment  deposits  adjacent 
to  the  outlet.    Three  l6-inch  intakes  located  at  4,  IC,  and  20 
feet,  respectively,  belovr  spillway  connect  with  the  city  pipe  line, 
but  so  far  only  the  upper  opening  has  been  used. 

The  total  cost  of  the  reservoir  was  '325^000, 

Perioe.  of  stora^^e;    Date  stora.^e  began:    April  1927 •    Average  date 
of  survey:    June  1936 •    Total  age  of  reservoir  to  date  of 
survey:    11.2  years, 

Len&.-th  of  lake ;     (Original  and  present,  from  dam.  to  head  of  back- 
Yfater)    On  Big  Richardson  Creek,  1.47  miles;  on  Little 
Richardson  Creek,  1,62  miiles*    Distance  from,  dam  to  junction 
of  the  two  arms,  0,2  mile. 

Area  of  lake  at  crest  stag,e: 

Acres 

Original.  =  »  . . , .    105  .5 

Present  ,  ,  . , . »   10/^,8 

Reduction   0,7 

Storage  capacity  to  crest  level      (Determined  by  this  survey)  : 

Acre-feet 

Original 
Present . 


Reduction  by  sedimentation... 

General  character  of  reservoir  basin. 

The  outline  of  the  reservoir  basin  is  shoTm  in  figure  2  (fol- 
loYiring  p.  23 )•    Water  is  im.pounded  on  the  flood  plains  of  Big  Rich- 
ardson and  Little  Richardson  Creeks  to  vdthin  about  l/3  mile  of  the 
heads  of  bacl^ater  on  the  two  arms,  but  above  those  points  is  con- 
fined to  the  stream:  channels.    The  valley  sides  adjacent  to  the 
basin  are  predomdnantly  of  gentle  slope  and  extend  do^m  to  an  aMost 


821  (267,522,350  gals,) 
652  (212,454,200  gals.) 
169  (  55, 06c, 650  gals.) 
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flat  flood  plain.    In  the  lov:cr  part  of  the  lake  the  original  flood- 
plain  surface  is  submerged  to  an  average  depth  of  10  feet.    The  max- 
imum  depth  of  the  original  stream  charjiel  below  the  flood-plain 
surface  is  10.5  feet.    For  the  lake  basin  as  a  whole  the  average 
width  of  the  flood  plain  is  about  340  feet.    The  submerged  stream 
channels  are  gently  meandering.    The  average  gradient  of  the  stream 
bed  is  17.3  feet  per  mile  in  the  Big  Richardson  arm  and  14,8  feet 
per  mdle  in  the  Little  Richardson  arm..    The  average  width  of  th.e 
stream  channel  is  about  40  feet  on  both  arm^s  • 

The  lake  is  400  feet  vdde  near  the  dam  and  reaches  a  maximum 
width  of  C75  feet  in  the  Little  Richardson  Creek  arm  a  short  dis- 
tance above  the  junction  of  the  two  armiS .    In  general^  however, 
the  Yddth  decreases  gradually .from  the  dam  to  the  heads  of  back- 
water.   A  dense  groYdh  of  alder  and  Y/illow  flanks  the  entire  shore 
line  and  affords  efficient  protection  against  vrave  erosion  and  the 
lakeward  transportation  of  debris  from  eroding  valley  walls. 

Area  of  drainage  basin;    Approximately  50.5  square  miles  as  ola- 
nimetered  frciTt  the  ?oiT  i.iap  of  Union  County. ^  Drainiigs 
divides  were  traced  and  checked  by  field  observations. 

General  character  of  drainage  basin. 

Geology. — The  drainage  area  of  Lake  Lee  lies  in  the  south- 
eastern part  of  the  so-called  "Carolina  Slate  Belt"  of  the  Piedmont 
Uplands.    Field  reconnaissance  indicated  that  .the  predomiinant  for- 
m-ation  is  an  extremely  fine-grained  m.etamorphosed  sedimentary  rock 
probably  composed  of  both  water-laid  and  aeolian  riiateridl,  .?.nd  con- 
sisting of  mixtures  of  volcanic  ash  and  landwaste.    A  small  amount, 
of  arkose  is  interbedded.    This  formation  has  been  called  the  "Mon- 
roe slate/'  and  is  believed  by  som.e  geologists  to  represent  a  sep- 
arate and  distinct  series  within  the  "Carolina  slates,"  and  by 
others  to  represent  only  one  facies  of  the  larger  series.  For 
field  use  distinctions  can  readily  be  made  between  the  bedded  Vonvoe 
slate  Fiaterial,  vdth  its  shallow  overburden,  and  the  Carolina  slate 
material,  consisting  in  the  main  of  altered  volcanic  flov-,^s,  brec- 
cias, and  tuffs  overlain  by  a  thicker  residual  soil  mantle.  Large 
areas  v.lthin  the  Little  Richardson  Creek  drainage  basin  and  smaller 
and  more  scattered  areas  in  the  Big  Richardson  Creek  drainage  basin 
are  underlain  by  Monroe  slate.    The  Carolina  slate  areas  are  gen- 
erally smaller  but  occur  mdely  over  the  drainage  basin  and  tend  to 
predominate  along  the  southern  and  vrestern  divide.    These  so-called 


^Derrick,  B.  B.,  and  Perkins,  S.  0.     Soil  Survey  of  Union  County, 
North  Carolina,    U.  3*  Dept.  Agr.,  Bur.  Soils  Field  Oper.  1914,  1916. 
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"slates"  have  been  considered  pre- Cambrian  but  their  age  is  now 
in  dispute.    They  are  non-iossilif erous .    Quartz  veins,  probably 
of  Carboniferous  age,  and  diabase  dikes  of  Trias sic  age,  are  pres- 
ent in  the  country  rock  in  varying,  but  generall;«  si^ial.' ,  ajp.cunts  • 

Soils. — Both  the  I'onroe  and,  the  Carolina  slates  vreather  to 
fom  fine-textured  soils,  generally  silt  loaiiis.    The  principal 
soils  and  their  relative  extent,  as  planimetered  from  the  county 
soil  map,  are  given  in  table  1. 


laU-Le    X.  DOlJ-b 

of  the  Lake  Lse 

drainasre  area 

Soi]_  series 
and 
type 

Proportionate  area 

Littie 
Richardson 
drainage  area 

Big  Richardson 
drainage  area 

Total 
drainage 
area 

 i 

x^erceni; 

.rer  c  enx/ 

Percent 

i 

Gecrgeville : 

SI  ate  "1  nam  

p  .0  / 

1.95 

6.27 

6.50 

•  4 

26.77 

.75 

.56 

.61 

±6  .  o  / 

4l?  •  00 

38.17 

551  ate  1  nam ........... 

13 .40 

3 .07 

J  . 

6.54 

2.83 

3. 67 

Si  1 1  1 oam ............... 

54.66 

42.17 

74.66 

48.07 

55.90 

Iredell: 

.75 

1.52 

1.30 

Bottom-land  soils: 

2.66 

3.82 

3. 16 

*  2.S6 

.91 

1.45 

5.72 

4.73 

4.63 

100.00 

100.00 

100.00 
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Owing  to  improvements  in  soil  nomenclature  since  the  Union 
County  soil  map  was  published,  table  1  is  subject  to  some  change. 
The  textural  classifications,  however,  are  applicable.  Remapping 
of  about  lb  oercent  of  the  drainage  area  has  indicated  that  approx- 
imately two-thirds  of  the  soil  previously  mapped  as  Georgeville 
would  probably  be  termed  Herndon  under  the  present  classification. 3 
Several  adoitional  soil  types,  namely,  the  Meadow,  Altavista,  and 
Powcog  series,  have  been  delineated  in  the  area  in  recent  mapping 
by  the  local  Soil  Conservation  Service  unit. 

Field  reconnaissance  indicated  that  practically  all  the  soils 
originally  mapped  as  slate  loams  and  gravelly  silt  loams,  of  both 
the  Georgeville  and  Alamiance  series,  as  well  as  a  considerable  pro- 
portion of  those  mapped  as  silt  loams,  are  "fconroe  slate  soils  as 
opposed  to  Carolina  slate  types.    These  Monroe  type  soils  are  read- 
ily distinguishable  by  the  shallowness  of  the  soil  profile  and  by 
their  droughty  nature,  a  reflection  of  the  much  miore  effective 
underdrainage  on  the  Konroe  slate  areas.    A  fairly  high  percentage 
(10  to  30  percent)  of  slate  pebbles  and  fra.gruents  apparently  render 
these  soils  miOre  open  and  thus  less  susceptible  to  erosion.  Locally, 
about  the  same  effect  has  been  produced  by  the  weathering  of  quartz 
veins • 

The  predominance  of  fine-grained  soils  is  em.phasized  by  table 
2,  Wnich  gives  the  mechanical  analyses  of  6  representative  sam.ples. 
The  sand  fraction,  including  all  material  coarser  than  0.05  mjn., 
consists  mainly  oi  fine  sand  but  includes  a  small  amount  of  rela- 
tively large  granules  or  pebbles  or  parent  material* 

The  columns  showing  median  diameters  and  percentage  of  mate- 
rial less  than  0«02  riim..  (20  microns),  are  included  here  to  indicate 
qualitatively  the  degree  of  susceptibility  to  transportation  by 
water.    To  a  large  extent  the  m.echanical  composition  and  median 
grain  size  is  an  important  factor  in  determining  the  prooortion  of 
erosional  debris  fromi  a  given  drainage  area  that  will  be  deposited 
close  to  the  source  and  the  part  that  mil  tend  to  remain  in  sus- 
pension for  long  distances.    The  fine-grained  texture  of  the  soils 
favors  a  relatively  high  net  loss  from,  the  watershed,  other  factors 
being  equal. 


^This  revision  in  soil  classification  and  the  folloYdng  estimates 
on  erosion  conditions  and  lana  use  were  obtained  mainly  from  the 
files  of  the  local  Soil  Conservation  Service  C.C.C.  camp.    They  arc 
based  on  detailed  conservation  surveys  of  about  23,000  acres  of 
farm,  land  under  agreement  "d/uhin  and.  adjacent  to  the  Lake  Lee  drain- 
age area.    I'incr  read justm.cnts  of  these  d.ata  to  make  them  applicable 
to  the  area  concerned  yrere  based  on  rathei-  detailed  reconnaissance 
study. 
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Table  2. — Mechanical  conipocition  cf  sone  typical  soils  of  the  Lake 


Lee  drainage  area 


Soil  series 
and 
horizon 

Sand 
(>0.05 
mn.) 

Silt 
(O.Cf)  to 

mm . ) 

Clay 
(<  0.005 
mr, . ) 

IiiCd.ian 
etcr 

Less 
than 
0.02 
nm  • 

Percent 

Percent 

Percent 

Percent 

Ala.:ance 

(A  and  upper  B  j . . . . 

14.4 

72 .1 

13.5 

0 . 0185 

:.4.0 

Georgeville 

(a  and  upper  B) . . . . 

11.2 

44.3 

44.5 

.0074 

68 . 8 

Herndon 

(A  and  upper  B)..., 

13.0 

56,0 

31.0 

.0117 

66.0 

Alamance 

(composite  of 

29.2 

54.0 

16.8 

.0240 

44*5 

Alamance 

(com:posite  of  A  and 
middle  and  upper  E) 

22.0 

60.0 

IB.O 

.0165 

57.5 

Alamance 

(middle  and  upper  B) 

u.o 

42.5 

43.5 

.0080 

67.0 

1 

Erosion  conditions. — Moderately  severe  sheet  erosion  (loss  of 
50-75  percent  of  topsoil)  has  occurred  on  about  45  percent  of  the 
drainage  area  and  moderate  sheet  erosion  (loss  of  25-50  percent  of 
topsoil)  on  an  additional  35  percent  ci  the  area.    Occasional  to 
frequent  gullies^  predominantly  shallow,  have  developed  on  about  23 
percent  of  the  area.    The  following  tabulation  suLimarizes  erosion 
conditions  in  the  drainage  basin  in  terms  of  the  estimated  Droeor- 
tionate  area  in  each  erosion  class. 
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Erosion  class?-'-  Percent-^ 

Recent  accuiTiulation   7 

Slight  sheet  erosion.  .»..<...   10 

Moderate  sheet  erosion.  »   35 

Eoderate  sheet  erosion  mth  frequent  gullies ........  2 

Moderately  severe  sheet  erosion   25 

Moderately  severe  sheet  erosion  vdth  occasional 

goillie  s   20 

Severe  sheet  erosion  with  occasional  gullies........    ,   1 


Total  drainage  area....   100 


-^The  erosion  classes  are  defined  as  follows:    Slight  sheet  ero- 
sion, less  than  25  percent  topsoil  reinoved;  moderate  sheet  erosion 
25  to  50  percent  topsoil  removed;  moderately  severe  sheet  erosion 
50  to  75  percent  topsoil  removedj  severe  sheet  erosion,  more  than 
75  percent  of  topsoil  removed;  occasional  gullies,  1  to  3  per  acre; 
and  frequent  gullies,  more  than  3  P^r  acre, 

^See  footnote  3s  P»  7. 

Typical  g^allies  in  the  area  are  linear  in  outline,  and  gen- 
erally shallow,  V-shaped,  and  narrow  in  cross  section.    These  fea- 
tures are  due  in  the  main  to  the  shalloYr  depths  at  which  resistant 
bedrock  is  encountered.    Depths  generally  do  not  exceed  3  to  U  feet, 
only  locally  reaching  6  to  8  feet. 

The  distinction  between  erosion  conditions  on  the  Monroe  and 
Carolina  slate  soils  are  readily  apparent  from  field  observation. 
CoiiX'aratively  little  s^^vere  sheet  /.rosion  and  alraost  no  severe  gul- 
lying occur  on  the  Fonroe  slate  ar-^a. 

Land  use . — About  46  pjercent  of  the  drainage  area  is  in  forest, 
generally  second  growth,  and  54  percent  is  cleared.    Land  under 
cultivation  covers  44  percent  of  the  area.    The  remaining  cleared 
land  is  idle  or  pasture.    Approximiately  20  percent  of  the  forest 
land  is  also  pastured.    The  pastured  land  makes  up  a.bout  9  percent 
of  the  total  area.    Urban  areas  make  up  about  1  percent  of  the 
drainage  basin. 

The  Lake  Lee  drainage  area  has  never  been  subjected  to  the 
one-crop  (cotton)  system  of  farming  tc  the  same  extent  as  have 
other  parts  of  the  Piedmont  in  which  this  system,  has  seriously 
depleted  soil  resources.     Corn,   grain,  and  sweet  potatoes  have 
always  be^^n  important  crops  in  the  area.     In  recent  years,  with 
the  introduction  of  more  efficient  systems  of  rotation  and  the 
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da.scovery  of  the  adaptability  of  the  land  to  soil-biiildinf;  crops, 
much  improvement  in  the  quality  of  the  soils  has  taken  place.  The 
principal  crops  groYm  in  193B  and  their  propoi-tionate  areas  are 
shoiA,Ti  in  tlie  follomng  tabulation: 


Crop;  Percent-^ 

Small  grain  and  lespedeza,  or  lespedcza  alone.  

Cotton  ,  ,..,..,,....,..0.0,.  27 

Corn  c  0....  22 

Others  0  . . . . . .  c  . .  .  11 


Total  area   100 


"See  footnote  3?  P»  7« 


No  significant  differences  in  land  use  exist  between  the  Big 
Richardson  and  Little  Richardson  drainage  areas.    The  Big  Richard- 
son drainage  area  is  55  percent  cleared  and  45  percent  wooded, 
whereas  the  Little  Richardson  area  is  52  percent  cleared  and  4^ 
percent  wooded.    Land  use  alone  then,  does  not  account  for  the  dif- 
ferences in  sedimentation  on  the  two  arms  of  the  reservoir. 

Mean  annual  rainfall. 

Records  of  the  cooperative  United  States  Weather  Bureau  sta- 
tion, located  about  1  mile  east  of  lake  Lee,  show  a  mean  annual 
rainfall  of  46.57  inches  for  the  period  1694-1937.    The  average 
during  the  life  of  the  lake  (1927- 193B)  was  46.17  inches. 

August  is  the  month  of  greatest  rainfall,  wD.th  an  average  of 
5.46  inches,  and  November  is  the  month  of  least  rainfall,  mth  an 
average  of  2.00  inches. 

History  of  storage. 

Since  the  reservoir  was  constructed  adequate  storage  has  been 
available  to  supply  the  city's  needs.    Normal  inflow  is  sufficient 
to  keep  the  water  level  above  spillway  crest  on  an  average  of  9 
months  out  of  the  year.    The  estimated  normal  discharge  over  the 
spillway  during  this  9-month  period  is  approximately  47  second-feet. 
The  maximum  discharge  during  the  life  of  the  reservoir  was  5,400 
second-feet.    During  occasional  periods  low  inflow  has  caused  the 
water  surface  to  drop  as  much  as  2  feet  below  spillway  crest.  The 
dailj^  draft  on  the  reservoir  has  ranged  from  225,000  gallons  to 
650,000  gallons,  with  an  average  of  365,700  gallons. 
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The  36-inch  "blow-off"  valve  previously  mentionGd  has  been 
opened  on  an  average  01  4-  tines  a' year  for  periods  ranging  from  24 
to  1C3  hours.    It  is  opened  during  flood-flows,  usually  following 
heavj'"  rains  and  preceding  the  actual  rise  of  the  lake  level, 
although  occasionally  coincident  with  the  rise.    The  calculated  dis- 
charge of  this  valve  is  approximately  200  second-feet. 

The  turbidity  of  the  lake  waters,  as  measured  at  the  filter 
plant,  has  averaged  475  parts  per  million  for  the  period  Iv^rch  1927 
to  April  1938*    The  highest  average  turbidity  occurs  in  August,*  and 
the  lowest  in  November,    These  occurrences  coincide  with  the  peri- 
ods of  maximum  and  minimLun  rainfall.    During  the  period  of  record 
the  turbidity  has  ranged  from  14  to  S,000  parts  per  million.  Con- 
siderable difficulty  is  encountered  in  desilting  the  water  for  city 
consumption,  omng  to  the  extreme  fineness  of  the  suspended  material. 


IlOiTKOD  OF  SURVEY 


Yfater  and  sedim.ent  volwies  in  Lake  Lee  w"ere  determined  by  the 
range  m.ethod  of  survey. A  horizontal-control  system  of  28  points 
was  established  by  plane-table  triangulation  from_  a  m.easured  base 
line  580  feet  long  extending  across  the  dam.    This  triangulation 
networl-  was  can  led  up  e;.ch  b;-\.rch  to  Dcints  vdiere  the  narrow 
"v^ridths  of  the  branches  prohibited  further  progress  by  this  method. 
Beyond  these  points,  two  checked  stadia  traverses  of  6  points  each 
Y.-ere  extended  to  the  heads  of  backi^rater.    From  this  horizontal- 
control  system  the  shore  line  at  spillway  level  was  mapped  by  plane 
table  and  telescopic  alidade  on  a  scale  of  1  inch  to  200  feet.  For 
the  measurement  of  sedim.ent  thickness  and  water  depth  28  ranges 
irere  established  across  the  reservoir  at  suitable  positions.  All 
range  ends  and  important  triangulation  points  were  permianently 
marked  with  3/4-inch  iron  pipe  em^bedded  in  concrete.    The  s"'arvey 
numxbers  were  stamiped  on  the  pipes,  vliose  tops  protruded  approxi- 
mately 6  inches  above  ground  surface. 

Soundings  and  direct  measurements  of  sedim.ent  thickness  were 
Fiade  mth  6-  and  10-foot  silt-sampling  spuds.    Very  little  diffi- 
culty ij-as  experienced  in  distinguishing  lake  sediment  froFi  the 
underlying  valley  soils,  owing  to  excellent  contrasts  in  color, 
degree  of  compaction,  and  texture,  as  well  as  to  the  comjnon  pres- 
ence of  a  Y.^ell-dcf ined  hui'.ius  zone  m.arking  an  old,  pre-lake  soil 
underlying  the  lake  sediment.    The  flood-plain  sediments  underlying 


^Eakin,  H.  V.,  Silting  of  Reservoirs.  U.  S.  f)ept,  Agr.  Tech, 
Bull.  524:  25-26,  129-135.  1936 
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the  lake  deposit  are  distinctly  coarser  and  more  compact  than  the 
lake  sediment,  consisting  m.ainly  of  coarse  silt  vfith  occasional 
grains  of  sand  and  gravel  included.    The  older  material  ranges  from, 
greenish  gray  or  gray  to  grayish  broim,  and  generally  is  darker 
than  the  lake  sediment.    A  layer  of  highly  organic  soil  Yfith  root- 
lets forms  the  upper  horizon  of  the  flood-plain  material  at  m.any 
places*    In  the  submerged  channel  the  pre-lake  deposits  are  coarse, 
angular  sand  end  gravel  consisting  of  vein  quartz  and  fragments  of 
"slate."    The  normal  pre-lake  material  on  the  submerged  valley 
sD.opes  is  a  gritty  clay  loem  ranging  in  color  from  buff  to  reddish 
broim* 

Eight  samples  of  lake  sediment  were  taken  from  representative 
parts  of  the  lake  vfith  the  1  l/2-inch  tubular  sampler  r^rcviously 
described. 5    All  samples  were  obtained  in  1  l/2-inch  detachable 
iron  pipe  nipples  4-  inches  long.     The  nipples  containing  the  sedi- 
ment were  removed  from  the  sampler  imjnediately  after  being  Yfith- 
dravm  from  the  lake  and  capped  with  threaded,  airtight,  iron  covers 
for  shipment  to  the  laboratory.    In  addition  six  samples  of  repre- 
sentative tcpsoils  of  the  drainage  area  were  collected  for  mechanical 
analysis. 

SEDB-'KT  DEPOSITS 

Character  of  Sediment 

The  sediment  in  Lake  Lee  has  a  small  textural  range,  from, 
clay  to  coarse  silt.    Buff  to  greenish-buff  colors  predominate. 
The  organic  content  is  low  except  in  the  upper  reaches  of  the  lake, 
where  a  considerable  quantity  of  leaves  is  included  in  the  sedi- 
mient.    The  upper  part  of  the  deposit  generally  is  not  very  compact. 
The  sediment  varies  in  vertical  sequence  from  loose,  "soupj^"  mate- 
rial of  high  porosity  to  moderately  compacted  material  near  the 
base  of  the  deposits.    Eight  samples  from  various  parts  of  the  lake 
were  found  to  have  porosities  averaging  62.0  percent  and  ranging 
from  55«7  to  64.3  percent.    The  samples  generally  were  taken  from 
intermediate  depths  in  the  deposit  and  are  probably  fairly  repre- 
sentative of  the  complete  section. 

Volume  weights  were  based  on  determinations  of  the  moistm^e 
content  and  dry  weights  of  small  representative  quantities  of  each 


Conn  aught  on,  Fark  P.,  ?jid.  Hough,  J.  L,    Advance  Report  on  the 
Sedimientation  Survey  of  Burlington  Reservoir,  Burlington,  ''lorth 
Carolina,  U.  S.  Soil  Conserv.  Serv.  SCS-SS-28!     12.   "'l939  (/iiameo- 
graphed. ) 


13 


sample.    The  density  of  the  solid  sediment  was  assumed  to  be  the 
same  as  that  of  quartz,  16$  pounds  per  cubic  foot. 

The  locations,  depths,  thickness  of  deposit,  and  weights  per 
cubic  foot  of  the  sediment  samples  are  given  in  table  3» 


Table  3» — Sediment  samples  from  Lake  Lee 


Sample 
No. 

Location 

Yfeter 
depth 

SedirTient 
thickness 

Dry 
weir-ht 

"oer 
cu.f t . 

Feet 

Feet 

Pounds 

Lower  basin 

S  5  •  •  •  • 

Range 

R1-R2,  300  feet  from  Rl 

19 

5.5 

62.8 

iSn  •  .  .  . 

'  \y  .   •    0  • 

Range 

R5-R6,  150  feet  irom  R5 

16 

5.0 

60 . 5 

Bie:  Richardson  armi 

S  /  •  •  •  • 

Range 

R9-R10,  250  feet  from  R9 

14 

4«5 

59^2 

S& • • • • 

Range 

RU-R1$,  250  feet  from  R15 

9 

7.0 

58.9 

S9 • • • • 

Range 

R21~R22,  100  feet  from  R21 

8 

1.0 

5^.9 

Little  Richardson  armi 

SIO . . . 

Range 

R31-R32,  75  feet  from  R31 

10 

3.0 

61.2 

311 e . 0 

Range 

R37-R38,  50  feet  from  R37 

O 

2,5 

65.7 

Sl<d  to* 

Range 

R41-K42,  175  fsvt  .'rem  RU 

5 

2.0 

73.1 

Avers 

O.c  .DO 

61.77 

-^Yi/'eighted  average,  based  on  volum.e  of  total  sediment  Y.dthin  each 
section-. 


Mechanical  analyses  of  the  eight  sediment  samples  are  given 
in  table  4*    Analyses  of  the  silt-clay  fractions  were  made  by  the 
pipette  miethod,  and  are  believed  to  be  of  a  high  degree  of  accuracy. 
The  sand  fractions,  including  all  material  coarser  than  0.05  mnn.  in 
diameter,  consist  almost  entirely  of  very  fine  bo  fine  sand. 


Table  A, — Mechanical  composition  of  sediment  samples  from  Lake  Lee 
 1  1  : — \  rzz — r:       m  rz  ~ 


--  -  ■- 

Samiple 
ho. 

Sand 
(0.05 
mill  • ' 

Silt 
(0.05  to 
0.005  mm..) 

Clay 
(0.005 
mm . ) 

Median 
dia:L- 
eter 

Less  than 
20  microns 
(0.02  uari.  ) 

Percent 

.  Percent 

Percent 

'/:'!* 

Percent 

2.7 

33.5 

63.8 

0.0032 

95.5 

S6  

1.7 

30.1 

68. 2 

.0030 

96.0 

o  n 
^  .U 

en  Q 

J  f 

.  UUj)  V 

2.U 

53.0 

44.6 

.0060 

86.6 

S9  

2.4 

4&.1 

49.5 

.0051 

91.3 

1.6 

49.4 

49.0 

.0054 

90.0 

1.5 

50.3 

48.2 

.0053 

91.7 

S12  

0  q 

<- 

63.2 

34.5 

.00S2 

85.0 

As  shown  by  the  analyses^  the  principal  constituents  of  the 
reservoir  sediment  in  relative  order  of  abundance  are:     (l)  Clay, 
(2)  silt^  and  (3)  sand.    The  m^edian  diameters  in  each  case  are 
very  close  to  the  border  line  between  silt  and  clay.  Texturally 
all  the  samples  would  be  classified  as  clayey  silts  or  silty 
clays,  depending  on  the  classification  system  used.    The  predomi- 
nance of  material  less  ths^n  20  microns  in  diameter  is  striking,  in 
that  20  microns  marks  the  generally  accepted  upper  lii?At  of  miate- 
rial  of  sufficient  fineness  to  be  deposited  very  slowly  from  sus- 
pension even  in  very  slow  currents,  such  as  mdght  be  due  to  wind 
drift  or  to  density  currents.    The  analyses  indicate  a  very  slight 
increase  in  average  grain  size  from,  the  dam^  to  the  heads  of  both 
branches  of  the  reservoir. 

The  two  samples  of  sedim-ent  from  the  lower  basin  (S5  and  S6), 
appear  to  be  more  closely  related  in  mechanical  composition  to  the 
sediment  of  Big  Richardson  arm  (samples  S7,  S8,  and  S9)  than  to 
that  of  the  Little  Pdchardson  armi  ( samiple  s  SIO,  Sll,  and  S12).  In 
general,  it  appears  that  the  average  median  diameter  of  the  sedi- 
ment is  somewhat  higher  in  the  Little  Richardson  arm  than  in  the 
Big  Richardson  arm. 

Distribution  of  Seclim.ent 

The  volumetric  distribution  of  sediment  in  Lake  Lee  is  illus- 
trated graphically  in  figure  3^  viiich  shows  the  vaidations  in  the 
original  cross-sectional  area  and  in  the  cross-sectional  area  of 
sediment  on  all  ranges  crossing  the  main  streams.    Since  the  cross- 
sectional  area  of  sediirient  is  a  function  of  sedim.ent  thicknesses 
and  lake  Yvidths,  the  average  thickness  of  the  sedimient  and  the 
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Figure  3.-  Longitudinal  distribution  of  sediment  in  Lake  Lee,  Monroe,  N.C. 
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vddth  of  the  lake  on  each  rarit^e  are  also  shoT.n  graphically  so 
that  the  relative  importance  of  each  may  be  seen.    Figure  3 
indicates  (l)  the  proportionate  reduction  in  cross-sectional  area 
is  greatest  about  midway  up  each  arm,   (2)  the  cross-sectional 
area  of  sediment,  v:hile  som.ev/hat  variable  on  successive  ranges, 
is  greater  in  the  lovrer  reaches  of  the  lake,  and  (3)  the  avera;_^e 
thickness  of  sediment  is  fairly  constant  at  about  2  feet  over  all 
the  lake  except  the  upper  half-mile  of  each  arm,  in  which  it  de- 
creases more  or  less  gradually  to  the  heads  of  backv-rater*  All 
these  points  tend  to  emphasize, the  absence  of  any  tendency  toward 
delta  formation.    The  distribution  of  sediment  is  further  illus- 
trated by  table  5,  which  shoyrs  that  the  Big  Richardson  arm  has 
accujnulated  a  larger  volume  of  sediment,  has  a  greater  average 
sedim-ent  thickness,  and  has  lost  a  higher  proportion  of  its  origi- 
nal storage  capacity  than  either  the  Little  Richardson  arm  or  the 
lower  basin  below  the  forks. 


Tabic  5« — Distribution  of  sediment  in  Lake  Lee 


Section 


Original 
cap 'I  city 


Sediment 
voluiPie 


Capacity  I  Surface 


loss 


area 


Average 
sediment 
thickness 


ficre-f  cot 


Big  Richardson  j 

cLX'ITl  oooooo»oo  || 
( 

I 

Little  Richard-| 
son  arm_.  o , . .  1 

Lower  basin. , . 

Total  reser- 
voir   


296 

362 
163 

821 


Acre-feet    Pcrc:,nt    !  Acres 


73 


69 


2' 


169 


24.6  !  39.3 


19.1 


16.5 


52.5 


13.7 


20.6  105.5 


Feet 


1  .Q 


1.3 
2.0 

1.6 


The  lateral  distribution  of  sedim.ent  in  various  parts  of  the 
reservoir  is  illustrated  by  the  series  of  representative  cross  sec- 
tions in  figure  4>  even  though  all  the  cross  sections  shora  are  on 
the  Big  Richardson  arm.    Figure  l^A  is  representative  of  the  upper- 
most four  ranges  on  each  arm.    Here  the  sediment  blanket  is  thickest 
outside  of  the  channel,  a  condition  resulting  froin  the  capacity  of 
flood  currents  to  transport  the  incoming  sediment  through  these 
reaches  and  to  scour  the  channel  bed.    As  thu  greatest  velocity  of 
such  currents  occurs  in  the  channel,  major  deposition  takes  place 
in  slack-v/ater  areas  cutsicie  of  the  channel.    In  the  next  section 
of  the  basin,  sedimientation  has  resulted  in  a  general  sm.octhing  out 
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of  original  irregularities  (fig.  AB),  a  feature  generall/  charac- 
teristic of  the  sevei'al  ranges  iimiLediately  downstream  from  those 
represented  by  figure  Here  the  greatest  thicknesses  occur 

within  the  channel,  although  some  heavy  deposits  of  varying  thick- 
ness occur  off  to  the  sides,   not  only  adjacent  to  the  channel  but 
at  some  distance  from  it.    Such  a  distribution  maght  be  expected 
to  result  from  a  low-velocity  current,  perhaps  generally  concen- 
trated in  the  channel  but  occasionally  (during  flood  flows)  ex- 
tending over  the  flood-plain  areas.    Figure  4C  :i- '  ust  ■  :.tv.5  x]--- 
tendency  toward  concentration  of  sediment  in  and  immediately  adja- 
cent to  the  channel.    This  distribution  is  characteristic  between 
ranges  R14.-R15  and  R5-R6  on  the  Big  Richardson  arm  and  between 
ranges  R37-R38  and  R3-R5  on  the  Little  Richardson  arm.    Since  cur- 
rents through  these  reaches  are  necessarily  of  relatively  low  ve- 
locity they  are  not  so  effective  in  transporting  sediment,  and 
deposition  predominates  in  the  channel,  but  the  zone  covered  by 
such  currents  should  show  greater  accuuiulation  than  do  the  areas 
off  to  the  side  where  there  is  less  sediment  i.nflux,    FigLire  4-D 
illustrates  a  special  case  of  this  distribution,  in  v/hich  sediment 
is  thicker  on  the  right  bank  of  the  submerged  cha.nnel.    The  close 
resemblance  of  the  profile,   thus  created,  to  natural  levees  formed 
by  flood  floYv^s  in  normial  alluvial  valleys  is  striking.    As  compared 
with  original  natural  stream  levees,  illustrated  by  the  original 
profile  in  figure  4A,  it  is  evident  that  this  deeply  submerged 
t^^e  of  natural  levee  differs  only  in  that  its  back  slope  is  much 
more  gentle  and  its  relative  height  is  much  less.    The  probable 
explanation  of  this  type  of  natm^al  levee  Y\rill  be  brought  out  in 
the  general  discussion  to  follo¥\r.    Figure  4-C  illustrates  the  char- 
acteristic sedim^ent  distribution  on  the  two  ranges  below  the  con- 
fluence of  the  two  arms.    Here  the  sedimi-ent  thicknesses  are  remark- 
ably even  over  the  submerged  flood  plain  and  are  disproportionately 
greater  within  the  submerged  channel. 

Factors  involved  in  sediment  distribution. — Of  the  multi- 
plicity of  factors  involved  in  sediment  distribution  7/1  thin  a 
reservoir,  it  is  evident  that  character  and  distribution  of  cur- 
rents and  m.echanical  com.position  of  tlic  incoming  stream  loads  are 
dominant  • 

Current  action  thr'ough  a  reservoir  is,  of  course,  directly 
related  to  the  shape  and  character  of  the  reservoir  basin,  i.e., 
to  the  degree  of  sinuosity,  to  the  bottomi  gradient,  and  to  varia- 
tions in  Y'ri-dth  and  cross-sectional  area.    The  normal  tendenc^/  of 
current  action  is  toward  a  dirdnution  of  velocity  from  the  h^ad  of 
a  reservoir  toY/ard  the  dam.    The  variation  in  the  rate  of  diFdnu- 
tion  is  dependent  on  the  varia-tions  of  factors  invo3.ved  in  the 
shape  and  character  of  thj  basin.    The  tendency  towards  orogres- 
sive  diminution  of  current  Volocity  through  the  reservoir  is  re- 
flected in  the  variations  in  micchanical  cor.iposition  of  the  sedim.cnt 
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deposited.    Coarser-textured  naterial  is  deposited  at  the  first 
slackening  of  the  current  and  progressively  finer  sediirient  is  de- 
posited dovmstream. 

In  Lake  Lee  t\i£  gradation  in  grain  size  of  deposited  material 
from  the  head  of  back-water  to  the  dam  is  evident,  even  though  it 
is  restricted  to  a  slight  textural  range  and  is  somev/hat  irregular. 
The  almost  total  absence  of  coarse  material  in  the  incoming  stream 
load  is  directly  responsible  for  the  lack  of  a  definite  delta 
zone.    Longitudinal  and  lateral  irregularities  in  sediment  vol^Jiues 
are  in  accordance  ?fith  anticipated  current  variations.  Thus, 
reaches  of  com-paratively  steep  gradient  have  accumulated  less  sedi- 
ment than  reaches  of  very  flat  or  negative  gradients,  straight 
reaches  have  accumulated  more  sediment  than  reaches  on  bends,  and 
narrow  reaches  have  accuiiLulated  less  sediment  than  vdder  reaches. 
The  action  of  density  currents  or  "underflows"   (the  process  by 
which  stream  waters  of  relatively  high  density,  due  generally  to 
sediment  content,  tend  to  burrow  under  or  flow  beneath  lake  waters 
of  a  lower  de'iisity)  is  believed  to  be  relatively  important  in  the 
lower  reaches  of  lake  Lee.    A  well-^def ined  occurrence  of  such  an 
underflow  phenomenon  was  observed  in  the  lake  during  the  sedimenta- 
tion survey.^ 

Underflow . — During  the  night  of  June  7-8,  193S,  nearly  an 
inch  of  rain  fell  in  the  drainage  area  of  Lake  Lee  (0.97  inch  was 
recorded  at  the  local  United  States  Yfeather  Bureau  station,  1  mile 
east  of  the  lake).    The  greater  part  of  this  precipitation  occurred 
TJithin  an  hour  around  midnight.    At  about  8:00  a.m.  marked  under- 
flow was  observed  at  the  dam.    Highly  turbid  Y;aters  were  being 
vented  through  the  3 6- inch  ''blcv-c-Ci"  viI'ts  in  the  base  z:'.  the  i:.m, 
while  the  surface  waters  wasliing  over  the  spillvray  were  relatively 
cle8>.r.    Investigation  of  the  headwater  reaches  on  both  arm:S  re- 
vealed that  the  highly  turbid,   sediment-laden  stream  waters  had 
flowed  about  1,500  feet  doT.Ti  the  lake  before  sinking  beneath  the 
clear  lake  waters.    Both  arm^s  of  the  lake  are  narroY.'  in  the  upoer 
reaches  and  the  turbid  water  extended  from,  shore  to  shore.  The 
surface  boundary  between  turbid  and  clear  water  at  the  points  Y/here 
sinking  occurred  (150  feet  above  range  R23-R24  on  the  Big  Richard- 
son arm  and  200  feet  above  R45-R46  on  the  Little  Richardson  arm.) 
Yias  sharp,  forming  a  clearly  marked  line  convex  doYmstream  Yj"ith 
maximum  convexity  over  the  channel,    A  considerable  amount  of 
floating  debris,  apparently  skimmed  off  the  incoFLing^TS-ter  by  the 
wedge  of  lake  water,  extended  from  this  line  50  feet  or  m.ore  dci/m- 
streami.    A  temperature  difference  between  the  two  water  m.asses  was 
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sufficiently  great  to  be  read^/'y  distinguishable  with  the  hand, 
the  infloY;ing  Yj-ater  being  colder.    The  turbulent  nature  of  the  in- 
coming, T/ater  :-:as£  was  evidenced  by  the  hi.any  miniature  sv/irls  end 
boils  occurring  at  the  surface  and  clearly  outlined  by  the  sus- 
pended sediment.    Where  the  underf lowing  m.a-ss  was  buried  beneath 
only  a  few  inches  of  clear  v/ater,  these  SYfirls  were  found  to  termi- 
nate abruptly  at  the  upper  surface  of  the  turbid  water,   so  that 
apparently  only  a  negligible  am.ount  of  the  suspended  load  was  dif- 
fused into  the  overlying  clear  lake  Vv^ater.    The  subner^^ed  plane  of 
contact  between  the  lov/er  turbid  mass  and  the  uoper  clear  water 
was  observed  to  slope  gently  dow.stream.    At  a  distance  of  approx- 
ihiately  100  feet  dovmstream.  from  the  surface  contact  ot  the  two 
bodies,  the  colder  temperatures  could  be  distinguished  at  a  depth 
of  a.bout  1  foot  and  turbid  water  could  be  raised  fromi  this  d;.pth 
by  stirring.    Between  the  point  of  sinking  and  the  dam.  the  turbid 
mass  occurred  at  successively  greater  depths.    'Hh^n  -an  oar  ^^as 
inserted  in  the  water  and  svAing  sharply  toward  the  surface,  the 
water  that  was  raised  was  either  highly  turbid  or  shovred  no  appre- 
ciable difference  from  the  surface  water,  depending  upon  the  depth 
to  which  the  oar  was  inserted;  thus  indicating  that  the  contact 
between  the  two  v^ater  m^asses  remiained  sharp.    On  progressing 
dovmstream  from  the  surface  line  of  sinking,  it  was  noted  that  an 
apparent  discoloration  of  the  lake  vrater,  due  to  reiiection  of 
light  from  the  underflovdng  m.ass,  diminished  slowly  until  at  a 
distance  of  appro ximiately  1,000  feet  dovmstream  no  difference  v:as 
noticeable . 

Outboard  m.otor  boats  on  the  lake  stirred  up  turbid  waters 
wherever  they  went,  but  only  sm^all  "boils"  of  the  strongly  colored 
wa.ter  were  brought  up  in  the  lo""--.'er  part  of  the  lake,  indicating 
the  greater  depth  of  the  underflow;  body  in  that  area.    The  surface 
line  of  sinking  progressed  slo''.ly  dOTmstream  during  the  day.  On 
the  Big  Richardson  arm  this  contact  m.oved  a  total  distance  of 
about  4,200  feet,  at  an  average  of  about  0.2  foot  per  second.  The. 
rate  of  movement  of  this  sui^facc  contact  is  probably  somie  function 
of  the  volmr^e  of  Y/ater  displaced  by  raising  of  the  upper  Y/ater 
mass  and  discharging  over  the  dam.    It  was  noted  that  the  point  of 
farthest  advance  of  the  surface  line  of  underfloYv  on  Big  Richard- 
son arm.  coincided  Yirith  the  zone  of  abrupt  termination  of  hi;^hly 
organic,  surface-borne  debris. 

The  run-off  from  the  previous  night's  rain  Y^as  undoubtedly 
denser  than  the  lake  Yfater  because  of  its  sediment  content  and  its 
loYier  temperature.    It  floY.^ed  along  the  deeper  sections  of  the 
reservoir  (essentially  the  submerged  stream  channel)  as  a  sheet- 
like  current,  probably  depositing  sedim.ent  as  velocities  decreased. 
Such  sediment-laden  currents,  generally  confined  to  the  submerged 
channel  but  occasionally  overlapping  the  submerged  flood  plain 
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during  heav^^  discharge  periods,  would,  through  progressive  deposi- 
tion, build  up  the  channel  bottom  moro  rapidly  than  the  flood 
plain.    Locally,  v.^here  the  unclerfloYv  body  v;as  of  greater  cross 
section  than  the  confining  channel,  the  waters,  overlapping  on  the 
adjacent  flood  plain, would  be  subject  to  great  lateral  reduction 
in  velocity  and  would  tend  to  deposit  their  sediment  load  adjacent 
to  the  channel  as  natural  levees  (fig*  /^D), 

As  an  aid  to  the  study  of  sediment  distribution  in  the  loyrer 
reaches  of  the  reservoir,  graphs  were  draY.Ti  showing  the  ratio  of 
sedim.ent  depth  to  original  water  depth,    practically  all  ranges  in 
the  lo?:cr  reaches  shoT\red  Ioyj"  sediment-water  depth  ratios  on  the 
subm/erged  flood  plain,  intermediate  ratios  within  the  subm.erged 
channels,  and  high  ratios  immediately  adjacent  to  the  channel. 
Such  a  relationship  is  best  explained  by  distribution  Fiainly 
through  ^anderflow,   (l)  the  lower  ratio  on  the  flood  plain  bein;, 
a  reflection  either  of  occasionally  large  underflows  or  of  cur- 
rents dispersed  through  the  entire  section,   (2)  the  intermediate 
ratios  in  the  channel  being  a  reflection  of  frequently  occurring 
underflows,  and  (3)  the  high  ratios  immediately  adjacent  to  the 
channel  ref lectin,^:  rapid  lateral  reductions  in  underflow  veloc- 
ities, which  result  in  accentuated  deposition. 

Origin  of  Sediment 

The  dominant ly  silty  soils  of  the  drainage  area  produce 
large  am^ounts  of  fine-grained  sedim.ent  that  tends  to  remain  in 
suspension  even  in  currents  of  low  velocity.    The  erosional  debris 
therefore  tends  to  move  com.paratively  long  distances  before  deposi- 
tion. 

Widespread  sheet  erosion  on  cultivated  land  is  probably  the 
principal  source  of  reservoir  sediment.    Stream-bank  erosion  is 
relatively  unimportant,  OYfing  to  the  generally  good  bank  protec- 
tion provided  by  dense  vegetation.    Very  little  of  the  bottomi  land 
has  been  cultivated,  probably  because  oi  the  narrow  widths  avail- 
able.   Even  where  cleared,  these  first  bottoms  are  generally  in 
pasture.    Only  a  few  miinor  reaches  show  the  harmful  effects  of 
brushing  out  the  stream,  banks. 

Gully  erosion  is  of  considerable  im.portance  locally  Yn.thin 
the  drainage  ba.sin  and  m.ay  furnish  an  aporeciable  amount  of  the 
reservoir  sediment.    Although  gullies  are  comparatively  shallow, 
their  aggregate  volurue  is  considerable  .    A  rather  striking  feature 
is  the  general  absence  at  the  mouths  of  these  gullies  of  alluvial 
fans  such  as  are  normally  associated  with  similar  gullies  in  many 
parts  of  the  Piediriont.    This  absence  of  fans  is  believed  to  be  due 
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to  the  vury  g:eneral  lack  of  coarse  material  in  the  ciosional  de- 
bris.   The  bulk  of  eroded  gullj  material  in  the  draina^^e  area  is 
probably  carried  almiost  immediately  into  the  major  'drainage 
channe Is • 

The  fairly  complete  drainage-area  reconnaissance  indicated 
that  gullies  are  generally  due  to  artificially  concentrated  run- 
off, such  as  results  from,  improper  ditching  of  existing  roads  and 
excessive  washing  along  unprotected  reaches  of  abandoned  roads. 
In  only  a  few  cases  were  gullies  found  to  be  due  to  breaking-over 
of  improperly  constructed  terraces  or  erosion  of  terrace  outlets. 

The  county  soil  map  of  1914  shows  an  intricate  network  of 
roads,  whereas  recent  maps  reveal  a  much  sm.aller  mileage  of  roads, 
most  of  which  follow  different  routes  than  did  the  older  ones.  In 
general,  the  old  roads  in  this  area,  with  their  devious,  crooked 
patterns  and  lack  of  maintenance  tend  to  produce  miore  erosion  per 
unit  of  total  land  area  than  do  the  modern  roads.    The  present  era 
of  the  automobile,  mth  its  dem.and.  for  the  shortest  route  between 
given  points,  and  the  elimination  of  steeper  grades  and  sharp 
curves,  has  resulted  in  the  abandonment  of  m.any  long  crooked 
reaches  of  the  old  roads.    For  obvious  reasons  these  abandoned 
roads,  lacking  sufficient  good  soil  for  rapid  natural  revegetaticn 
or  for  agricultural  use,  have  been  especially  subject  to  the  rav- 
a.ges  ci  concentrated  erosion.    Although  in  the  aggregate  these 
roads  probably  reoresent  a  very  minor  fraction  of  the  total  drain- 
age area,  it  is  believed  that  they  furnish  a  relatively  high  pro- 
pcrtion  of  the  reservoir  sediment. 

Comioarison  of  sedimentation  conditions  on  the  two  anus  of 
Lake  Lee. — A  coriparison  of  the  two  m.ain  arms  of  the  reservoir  with 
respect  to  sediment  volume  (see  table  4,  p«  14)  and  drainage  area 
revealed  that  conditions  of  sedim.entation  differ  m.arkedly.  The 
Little  Richardson  arm.,  Ydth  a  considerably  larger  storage  caoac- 
ity  and  a  much  sm^aller  drainage  area,  has  trapped  nearly  as  much 
sedim.ent  as  the  Big  Richardson  arm..    Calculations  indicate  that 
the  Big  Richardson  arm^.  contains  2.14  acre-feet  of  sediment  per 
sq_uare  mile  of  dra^inage  area  whereas  the  Little  Richardson  arm 
contains  4^26  acre-feet  per  square  mile.    These  figures  are  exclu- 
sive of  the  deposits  below  the  forks,  which  cannot  be  apportioned 
between  the  two  armiS.    These  data  appear  to  indicate  either  that 
erosion  has  been  much  more  active  in  the  Little  Richardson  drain- 
age area  than  in  that  of  Big  Richardson  Creek  or  that  a  largur 
proportion  of  the  eroded  material  has  been  trapped  in  the  arm.  A 
complete  study  of  the  many  factors  concerned  in  these  differing 
rates  of  sedimentation  and  erosion  could  not  be  undertaken,  but 
reconnaissance  study  has  suj^gested  certain  explanations. 


21 


Erosion  end  soil  data  show  no  significant  dixforunces  be- 
tween conditions  in  the  drainage  areas  feedin.^  the  two  arms.  Two 
important  factors,  however,  in  addition  to  erosional  character- 
istics, must  be  considered  in  relation  to  contrasts  in  sediirenta- 
tion.    These  are  the  relative  extent  of  upstream  deposition  -and 
the  extent  of  bypassing  of  sedimient  through  the  two  arms.  Field 
measurements  of  modern  valley  deposits  above  the  two  arms  failed 
to  reveal  any  outstanding  differences  in  thicknesses  in  the  two 
drainage  systems.    Noteworthy  distinctions  are  evident,  however, 
in  the  relative  extent  of  lands  subject  to  deposition  in  the  two 
areas.    The  Little  Richardson  area  contains  only  4.7  percent  of 
bottom  land  subject  to  deposition,  as  against  6  percent  for  the 
Big  Richardson  area. 

The  relative  importa^nce  of  bypassing  of  sediment  through  the 
tvj'o  arms  of  the  lake  is  emphasized  by  the  differences  in  storage 
ca.pacity-inf low  ratio,  as  m.casurod  by  the  capacity  per  unit  area 
of  watershed.    The  Little  Richardson  arm.  has  a  storage  capacity  of 
16.1  a.cr^-feet  per  square  mile,  as  comipared  with  8.7  acre-feet  per 
square  mile  for  the  Big  Richardson  arm.    Because  of  this  condition 
currents  miove  miore  slowly  through  the  Little  Richardson  arm  and 
thus  perm.it  the  deposition  of  a  greater  proportion  of  the  incoming 
sediment  load  prior  to  reaching  the  junction  of  the  other  arm. 
Fur-thcr  evidence  of  this  condition  is  the  general  tendency  of  the 
sedim.ent  below  the  forks  to  correspond  m.ore  closely,  both  in 
mechanical  composition  and  c epth  of  accumulation,  to  that  of  the 
Big  Richardson  arm.    To  summarize,  the  proportionat.-:ly  greater 
S'c.'diment  accumulation  in  the  Little  Richardson  arm  is  believed  to 
be  due,  not  so  much  to  actual  differences  in  erosional  activity, 
nor  to  less  favorable  land  use  in  the  drainage  area,  as  to  a 
lesser  susceptibility  to  upstream  deposition  and  to  lesser  by- 
passing of  sediment  actually  rv;.aching  the  lake. 


CONCLUSIONS  AND  RECOMMDATIONS 


A  summary  of  the  data  of  the  survey  is  given  in  the  tabula- 
tion en  page  23 •    At  the  present  rate  of  sedimentation  the  lake 
will  be  completely  filled  in  a.nother  43  years,  or  ai'tur  a  total 
life  of  only  54  years.    Although  it  is  expected  that  the  annual 
rate  of  storage  depletion  v.ill  decline  as  the  reservoir  capacity 
is  progressively  reduced  and  a  larger  prooortion  of  incoming  sedi- 
■aent  is  carried  through  the  lake,   this  decline  ?ill  be  balanced  by 
the  fact  tha.t  the  useful  life  of  the  I'.ke  will  be  ended  long  be- 
fore it  is  corepletely  filled  ulth  s^dihxnt.    As  th..  useful  life 
mil  probably  not  exceed  the  figures  given  above  under  existing 
conditions  the  advisability  oi  rt.m:,e!ial  measures  is  strongly 
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emphasized.    Such  measures  should  bo  aimed  primarily  at  conserva- 
tion of  the  existing  storage  in  the  basin.    Since  the  ultimate 
source  of  all  the  sediment  is  erosion  on  lands  draining  into  the 
roservcir,  a  need  lor  widespread  soil  conservation  measures  is 
indicated.    Such  measures  in  this  area  would  have  double  benefits, 
to  the  city  water  supply  on  the  one  hand,  and  to  the  land  cvmers 
on  the  other,  and  thurefore  a  double  measure  of  justification. 
Need  for  active  cooperation  of  rural  and  urban,  of  local,  StaLO 
and  Federal  interests  is  strongly  indicated.    Advice  and  aid  in 
necessary  conservation  planning  could  best  be  obtained  throu^;h  the 
supervisors  of  the  Brovm  Creek  Soil  Conservation  District,  of 
which  Union  County  is  a  part. 

Up  to  193 B  only  40  landowners  in  the  drainage  area,  contr oi- 
ling a  total  acreage  of  j^^--^ok  acres,  or  IB.I  percent  of  the  total 
area,  have  instituted  erosion  control  measures  under  cooperative 
agreements  with  the  local  Soil  Conservation  Service  unit.    Of  the 
treated  land  1,4-67  acres  were  in  th^..  Little  Richardson  area,  and 
4,397  acres  were  in  the  Pig  Richardson  aro-a  • 

The  treatment  of  abandoned  roadways,  as  vrcll  as  of  eroding 
r-^aches  of  modern  roadways,  through  the  establisiment  of  loYfer 
slopes  and  better  vegetative  covering  is  of  im.portance.  tiich 
information  is  already  available  en  th..  technique  of  establishm.ent 
end  maintenance  of  proper  roao-ercsicn  control.    The  rapid  appli- 
cation of  sue:!  control  measures  would  unquestionably  be  desirable 
h.-,ro  • 

The  life  of  the  reservoir  can  b..-  prolonged  to  seme  extent  by 
judicious  and  frequent  use  of  th^.  "blow-off"  valve  in  the  base  cf 
the  dam.    Observations  made  durin^,  the  course  of  the  underflow  of 
turbid  water  on  June  6,  193B^  indicated  that  approximately  400 
acre-feet  of  turbid  water,  carrying  about  one-half  acre-foe t 
(21,  lOO  cubic  feet)  cf  suspended  sediment,  'vras  bypassed  throuj^h 
the  "blow-off"  valve  in  a  24-hour  period,  whereas  in  the  s-aiiic 
period  a  much  greater  voluiuc  of  clear  water  was  wasted  over  thu 
spillvray.    Underflow  was  observed  again  on  June  10,  193 S.  Under- 
flows of  sediment- laden  Yvater  are  believed  to  be  of  frequent  occur- 
rence in  this  reservoir.    Unless  the  outlet  in  the  base  of  the  dam 
is  opened,  this  turbid  water  Ydll  causu  the  overlying  clear  w.ater 
to  rise  and  pour  over  the  spillway,  v^hereas  the  sediment  load  of 
the  turbid  ri:aES  will  be  deposited  on  the  lake  bottLm.     If  the 
"blcT^off"  valve  were  to  be  opened  wh.enever  the  amount  of  water 
flcwdng  over  the  spillv^ay  exceeded  the  capacity  cf  the  discharge 
pipe,  i.e.,  approximately  200  second-feet,  an  appreciable  amount 
of  sediment  vjculd  be  bypassed. 
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Sromriar:^'  of  data  on  Lake  Lee,  Konroe,  N.  C»  

Quantity  Unit 


cpl, 


e    e    o    o    «    •  e 


Reservoir : 

Area  at  spill^ray  stage: 

Original  ,  

At  date  ci  survey. a o ....  . 
Storage  capacity  to  spillv/ay  level: 

Original  

At  date  of  survey. . . . . . . ,  

Capacity  per  sq.  r.iile  of  drainage  arca:^ 

At  G.ate  of  suTvey  .. 


S  e  dint  nt  a  ti  on : 

Total  sediment  

Average  annual  accujnulation: 
From  entire  drainage  area, 
Per  100  sq.  m.iles  of  drairi?.ge  area3  „ . , 
Per  acre  oi  drainage  area:3 

By  volu:ae  

By  "f^eight^ . ........... . 


oeeooeooeoooo« 


e   o   •   o    •  o 


Depletion  of  storgLge: 


Loss  of  ori  ";inal  caoacitv: 


eeeeooo9eoo«ooo 


To  d£.te  of '  survey. . . . 


11.1  Years 
50.5        Sq.  miles 


105.5  Acres 

104. S  Acres 

821  Acre-feet 

652  Acre-feet 

16*26  Acre-feet 

12.91  Acre-feet 


169 


0    o    o  « 


1.S5 
20.5s 


Acre-feet 


15 #2  Acre-feet 

30.3  Acre-feet 

20.59  Cubic  feet 

0.64  Ton 


Percent 
Percent 


■^Storage  began  April  21,  1927j  date  of  survey^  Kay  23  to  June 
Uo  193  b. 

Including  area  of  lake . 
-"Excluding  ?.rea  of  lake. 

'^Assuming  average  Yxeight  of  one  cubic  foot  of  silt  is  6I.0  pounds. 
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U.  S.  DEPARTMENT  OF  AGRICULTURE 

SOIL  CONSERVATION  SERVICE 

H.  H.  BENNETT,  Chief 

MONROE   MUNICIPAL  RESERVOIR 
LAKE  LEE 

UNION  COUNTY 
NORTH  CAROLINA 

SEDIMENTATION  SURVEY  OF  MAY  23  TO  JUNE  14,  1938 

G.C.DOBSON  ,  Acting  Chief ,  Sedimentation  Division 
20^^^^200^^400^600 
Scale  in  feet 
LEGEND 

  Spillway    Crest  at   Date  of  Survey 

 -   Original   Spillway  Crest  Line 

Rl-o — 0-R2  Silt  Range 
A    lOOl    Triangulaf ion  Station 

(g)       Reservoir  Segment  Number 
□    501    Plane  Table  Stations 

•  Thalweg  of  Original  Stream 

_^^^2^2^Area   silted   above  originol  spillway  crest 


Leiand  H.  Barnes,  In  Chorge   of   Field  Survey 


0-2296 
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